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1. 

2. 

3. 

FORRWORD 

PURPOSE. This advisory circular contains useful information concerning 
meammumnts for intensity, coverhg and color of aircraft position and 
anticollisiod lights. 

REFERENCES. Federal Aviation Regulations FAR 23.1385 through 23.1397 
and 23.1401. FAR.25.1385 through 25.1397 and 25.1401. FAR 27.1385 
through .27.1397 and 27.1401. FAR 29.1385 through 29.1397 and 29.1401. 
Advisory Circular AC 20-304. 

RA~GRODND. 

8. 

b. 

C. 

d. 

This advisory circular has been developed as a reference for those 
concerned with data ou measurements of aircraft position and anti- 
collisioa lights. Light measurement is quite complex, and users of 
thiu advisory circular will have various degrees of experience and 
training. For these reasons, chapter one contains educational and 
reference material on the properties of light. It includes a 
description of light and discusses the general parameters. . . 
Chapter two includes InformatIon gn types of measuressents~and 
descriptions of the equipment used to make them. 

Chapter three is devoted to discussions on measureacnt data. First, 
the Federal Aviation Regulations are shown by pictorial representa- 
t ions. Following this, measurement data considerations are given 
including the precautions which should be observed when makfng 
measuremants. 

The appendlces include a glossary of terms, a conversion table, 
a bibliography and a discussion of tristimulus colorfmetry as 
applied to aircraft position and anticollision light measurements. 

Acting Director, Flight S n 
P'P 

rds Service 
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CHAPTER1 

PROPERTIES.OF LIGHT 

AC20074 

1. @Nmu. Light is visually evaluated radiant energy. .Like other forms 
of radiant energy, light travels through space at a constant velocity of 
300~000,000 meters per second. Lfght energy may be considered as having 
a sinusoidal wave form, stimulating vision only over a narrow band of 
wavelengths (Fig. 1.1). Within this band, the amplitude affects the 
visual seusatlon of brightness and the waveleagth,the visual sensation 
of hue. The longest waves produce a sensation of red, and the shortest 
a sensation of violet. By definition, white occurs when all visible 
wavelengths are combined in equal amounts. The appearance of white, 
however, may be produced when certain critical ones are combined. If 
the light covers a narrow band of wavelengths, a certain hue is seen. 
Black is usually treated as the absence of stimulation. The wavelength 
of light may be expressed in micrometers (urn), equal to 104 meters, in 
nanometers (nub), equal to 10Wg 
lo-10 miters. 

meters, or in angstroms (PP), equal to 
. . 
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2. 

The sensitivity of the eye, however, varies within this visible spectrum. 
Radiant energy at.different wavelengths produces varying sensations of 
brightness even though the amount of energy received is the same at each 
wavelength. Figure 1.2 and Table 1.1 show that the eye is &ice as 
sensitive to a yellow-green of 555 nanometers, as it is to a green of 
510 nm. This cume is referred to as "spectral sensitivity of the human 
eye" or "luminous efficiency". When the intensity of colored lights is 
measured, this variable sensitivity of the eye must be taken into 
consideration. In other words, a red light mst be paJch higher in .power 
to appear equally as bright as a green light. The detecting device, 
therefore, ast be corrected for the response of the stqndard observer 
if the reading is to indicate luminous (visual) output. The numbers 
associated with Figure 1.2 and Table 1.1 are referred to as “spectral 
luminous ef f iciencies ” . It should be remembered that lumens and 
candelas are associated with visible light, and as the sensitivity of 
the eye decreases, so does the amount of lumens for the same radiant 
power. This is evidenced in the conversion from watts to lumens: 
luminous flux in lumens * 680 V(A) times the radiant flux in .watts. 

INTENSITY. The luminous flux-being emitted from a point source, if 
the light is 'emitted equally in all directions, may be represented 
by a sphere. Light flux is rate of flow of visible energy. The basic 
unit of flux is the lumen which by definition is equal to 1/4n times 
the total flux emitted by a uniform point source of one candela. The 
flux emitted by a point source per unit solid angle (steradian) is 
called intensity. A steradian is defined as that solid angle originating 
at the center of a sphere and subtending an area on the sphere surface 
equal to the square of the sphere radius. Intensity is measured in 
lumens per steradian, and a uniform point source equal to one candela 
has an intensity in every direction of one lumen per steradian. Intensity 
in a given direction is usually expressed in candelas and is often called 
candlepower. 

The luminous flux density received on a surface (illuminance) varies with 
the intensity of the source, and inversely as the square of the distance 
from the source to the surface. Illuminance is expressed in lumens per 
unit area or footcandles. Figure 1.3 shows that as the distance from a 
source increases, one lumen is spread over increasing areas, and the 
llluminance decreases. The relation of illuminance to distance from the 
source is referred to as the "inverse square law". The illuminance from 
a given source varies inversely as the square of the distance from that 
source. Doubling the distance causes the illuminance to decrease to one 
fourth. As measurements of a light source are usually done with instruments 
which measure illuminance, the distance mt be known before the intensity 
of the source can be determined. In other words, footcandles times the 
distance squared gives candelas. For example, if a footcandle reading of 
10 is measured at 10 feet from the source, the intensity is 1000 candelas. 

Page 2 
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INTR?SIT!l AND ILLWINATION 

Figure 1.3 

Flashing light8 are ured extenrively am rignals and warnings because of 
their supeiiorlty in attracting attention. Because of this characteristic. 
flashing beacona were erteblirhed l o the required lighting for anticollision 
lights. These beacona are of reveral types: rotating, flashing incandee- 
cent, oscillating and go diwharge (strobe). 

When a light signal coueists of reparate flasher, the maximm intensity 
during the flash must be greater than the ixctensity of a steady light 
to have the esme apparent inteneity. It is convenient to evaluate 
flashing lightr in term of their EFFECTIVE -SITY, Ie or EFI, the 
intensity of a rteady light which will appear equally bright when viewed 
at threshold, and ie expressed in candelas. 
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Current alrworthbzss requirements for aircraft anticollision lights 
specify the following equation (known as the Blonde1 Rey equation) 
for thy computation of effective intensity: 

_. 

s %l(C,d# I,= t1 03+ (:a--tr) ; 

where: I, - effective intensity 

I(t) - instantaneous intensity as a function of time 

t2 - t1 - flash time interval (seconds) 

The maxipwpr computed value of+ffectlve intensity is obtained when 
t2 and tl are chosen so that the effective intensity is equal to the 
instantaneous intensity at t2 and tl. For short time flashes, t2 - tl 
becooes insignificant compared to 0.2 seconds, and the total flash is 
integrated. 

Short-duration flashtube lights have been used primarily as supple- 
mentary lights. Since flashtubes in general produce relatively small 
proportions of red light, about 90 percent of the light is lost in 
passing it through a red filter. Therefore, in order to use this 
source for an anti-collision light, it is necessary to operate them at 
higher energy levels than has been coranon in the small supplementary 
lights. 

3. COLOR. The sensation of color is closely related to the wavelength 
of light and varies with the Individual and the conditions of viewing. 
Usually a color is said to have three psychological components: hue 
(red, blue, orange, etc.), brightness, and saturation (the amounts 
color differs from a grey of the same brightness). A measure of hue, 
sufficiently reliable for signal-color specification, is the wavelength 
of the part of the spectrum required to be mixed with the equal-energytwhite) 
source to produce the color; this wavelength is called the dominant 
wavelength of the color. Saturation is satisfactorily specified by the 
ratio of the distance on the CIE chromaticfty diagram (See Figure 1.5) 
from the equal-energy point to the color point, to the distance from 
equal-energy point, in the same direction, to the spectrum locus. This - 
ratio is called purity. 

Page 6 
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It can be shows that any color can be matched by combining three 
properly chosen colors called prlmry colors. :If a colored sarPple 
is placed in ose half of a photos&tic field, a mixture of three 
primary colors such as red, green, and bl-ie, in the other half of 
the field can be made to match the colored sample to the satisfaction 
of the eye. This Is done by varying the relative brightness of the 
three p&mry cokors. A problem wfth this method is that the matching 
judmt of one observer cannot be taken as representative.of the 
average person i Only when a large number of observers are wed in 
each experimsnt cas consistent values be obtained for the relative 
brightness of primary colors required to match any given color. In 
order to avoid this difficulty, the tristimulus method was revised 
and stsndsrdised. Three pr%msry colors were agreed upon; then, by 
experiments with a number of norms1 observers, standard values for 
the relative amounts of each prtiry color were established to mstch 
each wavelength in the visible spectrum. These numbers were associated 
with a “8 tandard observer”. With these values made available Is 1931 
by the Comlsslos Internationale de L’Eclalrage (CIE) , a sore objective 
and economical technlqy.e is available to specify color. Figure 1.4 is 
a graphical presentation of the relative amounts of each primary color 
required to match any wavelength. Standard notation for these functions 
ia: z for the red primary, y’ for the green primary, and Z for the blue 
primary. It should be noted that the y function has been adjusted to 
correspond to the lumlnous-efficlemcy function (Figure 1.2). Table 1.2 
shows the values of these functious in tabular form. 

SFEcmAL 1RlSTlMuLUS VALUES ACCORDING 
TO THE 1931 CIE STANDARO OBSERVER 

Figure 1.4 
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Par 3 Page 7 



Ths 1951 CfB rtandord obrcrvcr 

o:gg 
.QO42 
.0070 

a2148 
:8888 
.a463 
3461 
.3362 
:8Ui 
.2511 
AS64 
.I421 
.OS64 
.0660 
:82': 

888 
610 
616 
620 

%oobO 
:88F 
.063 I 
.1086 
.1456 
.2267 
.2904 
.a607 

8:s :t2: 
660 .6946 
898 :8X8! 

87 8 :828 

7 -- 
O:8% 

.OOOl 

.0002 

:8% 
38% 
3040 
.007a 
.0116 
:E8,e 
.02so 

$88: 
.oooo 
:8138 
.1126 
.1390 
:38% 
a2666 

. -3230 
.4073 
-6030 
:t%i 
.7932 
.6420 
:8% 
.S603 
.9960 

1.6002 
0.8960 
:8X88 
:%:!I 

A460 
1.0801 
k8888 
I':W 

:*x: 
1:66S2 1.6261 
1.2676 
1.0419 
O:t: 8 8 

4888 

:8:X0 
.168 8 
.I117 
.0762 
.0673 
:I188 
:E81 

288; 
:8!8O 
.0021 

:%! 

660 

%J 

626 
:88 
888 

EJ 
470 

88% 

iH 

:8x 
Et 
720 
726 
760 
766 
$88 

188 
$88 
770 

zl 
Totrle -w-w 

- 
T- 

0.9163 
.*7m 

:' 6:: .r 

I:8888 
4: 20: 

f . 44 
.7614 

AI029 

:%E 
:8% 
.0006 

:%f 
:t# 
.OOOl 

:8% ---- 
21.3713 

v 

O:8% 
.7670 
.6@49 
A310 
:888I 
:8% 

:88$ 
::I'8 8 .n 2 

%j 
:%dl 
A232 
3::” 8 .ooQ 
.0067 
.0041 
*O"22: 
&s 

:%Z 
.0004 
.0003 
.0002 

:iE: 
.OOOl 
:8!88 

:%81 
21.37tr 

3 

$888 
.OOOl 
:!8E 
:@I88 

2888 

I$$$ . 

'._ 3888 

:I388 
.0900 
.OOOO 
:Oa h 

21.3716 3 

SPECTRAL TKISTIMULUS VALUES 
. 

Table 1.2 



29 July 1971 AC m-74 

Capital lettcn It, 'I, and 2 have beea assigned aa notation for.the 
amounts of the three primaries required to visually match a color 
containing taultfple wavelengths. The8e values can be plotted 
graphically If the fortawing tramformations are made: 

X’ X (2) y - Y (3) 2 - 2 (4) 
x+y+z x+r+z x+y+z 

where X, Y, and Z are the amounts of the three primaries an.3 x, y, 
and t are the "chromticity coordinates" in the CLE system. The 
horizontal of the graph becomes x and the vertical becom y; t my 
be obtained from the relationship x + y + z - 1. Such a graph, 
shoun in Figure 1.5, Is called a chromaticity diagram. Any color 
may be located on the diagram by specifying its chromaticity 
coordinates. The colors used .for lighting of aircraft are shown 
with the limits as eatablfshed by the airworthiness regulations. 
On this diagram, there le a central white point marked I,. where 
X = Y - 2 correapondlng to the color of a source having an equal- 
energy spectrum. 40 x + y + 2 - 1, this white point appears 
graphically at x - .33% y - .333 and represents a position of 
zero purity. The outar periphery of this diagram is a locus of 
polnte of 100% purity for visible wavelengths. A line drawn from 
any point on this periphery to the point of equal energy (I) represents 
all purities between 100% and 0 for that dominant wavelength. For 
example, a line ia rham for a light of dominant wavelength 8:s. &cromters 
with the OX, 50X, and 100% purity points indicated. An avia'tion green 
light of this dominant wavelength would have to have a purity of only 
32% to met the regulatory requirements. Aviation red, however, would 
require a purity of nearly 100%. 

The temperature male along the bottom of the diagram, shawing a 
range from 1000 K to infinity, contains calibratfone for source color 
temperatures. Note that each temperature haa a calibration mark on 
the curved line above. The curved line la calledthe"Planckianlocus," 
and represents the chromatlcltiea of blackbodies at different temperatures. 
In practical appllcatfons, ft is accepted aa representtig the chromaticitise 
of handescent bodies much aa lamp filaments. The numbers along thl8 curve 
on the CIE diagram indkate the color temperature in Kelvins. CIE 
illuminant "A" can be represented on this curve at the 2854 K poiat, 
lllundnant "B" at about 5000 # and "C" at about 6800 K. Ill-t A 
represents the spectral distribution of typical tungsten-f-t 
incandescent lamps, +ft B represente the spectral dfattiutiba 
of average noon sunlight, and lllunrinaat C represents the spectral 
distribution of average daylight. 

chap 1 
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The color of an object depends on the spectral characteristics of 
the llltinant as well as the nature of the object. For exlurple, 
fabrics change color when moved from the light of ordinary tungsten- 
filament bulbs to f luoreecent light. Any accurate system of color 
specification must account for this Lact by relating the color to a 
specified light source. In specifying a color that Is going to be 
used under known conditions of Illumination, the tristimulus values 
for the standard illuminant conforming most closely to those conditions 
should be used. . For example, Pn coloring an aviation red light cover, 
the color temperature of the light-source must be considered. 

SOPI% red glass filters change color as their temperatures change. 
As the temperature Increases, the light passing through some red 
filters becomes more red (longer wavelength) and less intense. For 
this reason, redmters are generally designed tx near the yellow 
limit (shortest wavelength) at room temperature. Then, if the operating 
glass temperature is consistently higher than room temperature, aviation 
red light will be produced under all operating conditions. By designing 
to this yellow limit, the maxlmm intensity will also be obtained. Glass 
of other colors changes slightly with temperature, but not enough to be a 
problem. . 

Page ll(and 12) 
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' cx&PTi%2 
. . 

MEASUREMENT CONSIDERATIOt& . 

4. GENERAL. The wascrcmeat of visible radiated energy fs called 
pho towtry. Instruments for measurement of the amount of a light, 
regardless of their calibration, measure only flux, and care must 
be taken when converting to various photometric units. An additional 
precaution is necessary because photosensitive devices, unless 
properly filtered, do not have the saplc characteristics as the 
human eye. 

There are four general types of light measurements: 

a. Luminous Intensity - The luminous flux emitted per unit solid 
angle in a given direction (csndelas). 

b. Illuminance - The luminous flux incident per unit area on a 
surface at some distance from the source (footcandles). 

”  

c. Luminance - Luminous intensity per .nit projected area of 
surface (candelas per square foot). 

d. Chromaticlty - The color quality of light determined by its 
chromaticity coordinates. 

In addition to the above light measurements, the efficiency of light 
covers is sometimes measured. There are two terms associated with 
such efficiency measur(?ments ; spectral transmittance (T) which refers 
to the ratio of transmitted to incident power at one wavelength or a 
very narrow band of wavelengths, and luminous trausmittance (T) which 
is the ratio of transmitted to incident total light power. The transmittance 
of a, light cover indicates the decrease in light due to material and 
color, and can be used to adjust luminous Intensity values measured 
without the cover. The filtered light may be wasured directly 
provided the photometer is equipped with filters which accurately 
match the luminous-efficiency function. 

5. INTENSITY. The instrument used to measure the luminous intensity of 
lights is called a photometer. Photometers can be placed in two 
general classes; "visual“ and "direct-reading photoelectric". 

a. Visual Photometers. Before the Invention of photoelectric cells, 
most lnstrumeats for measuring intensity employed the principle 
of balancing two adjacent fields visually. With these photometers, 
a test light and a standard light of known intensity were viewed 

Chap '2 
Par 4 
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. 

8 lllulta&ouF3ly. By adjusting the relative distances from the 
viewing point, a balance was obtained, and by applytng the inverse 
square law, the intensity of the test light could be determined. 
Although visual photometers have generally .been superseded by 
direct-reading photoelectric type instruments, arany are still being 
used. 

b. Direct-Reading Photoelectric Photometers. Photoelectrtc devices 
are now being used to detect and convert lfght energy to electrical 
energy for measurement. A photometric system for precisely 
measuring the magnitude and coverage of aircraft lights usually 
consists of the following: 

(1) 

(2) 

(3) 

Goniometer. This device includes. an attachment position for 
the light unit whictrcan be moved around two axes of freedom. 
The vertical and horizontal positions are calibrated, and, in 
SOTIE cases the lnforllration is remoted to recorders so that a 
plot of Intensity vs. direction can be made directly. A 
goniometer of this type is installed in the photometric 
labora.tory of the National Bureau of Standards in Washington, 
D. C. 

Tunnel and Track. A dark tunnel, including bafflea to 
eliminate stray light, is located in line with the goniometer. 
A photodetector is placed on a carrier which can be moved on 
a track to vary the distance between the goniometer and the 
photodetector. Position information is usually remoted to a 
recorder. 

Photodetector. Photodetectors are of several types, and 
read-out in units such as milliwatts, microamperes, etc. 
By conversion factors, footcandias (illuminance) can be 
computed from the read-out. Then,by means of the distance 
information, a calculation of intena%ty can be made. For 
steady lights, measurements are concerned with rate of flow 
of light entering the eye, analogous to gallons per minute 
into a container. For flashing lights, however, the 
measuremants are concerned tith the quantity of light per 
flash entering the eye, analogous to gallons. The quantities. 
are proportional to footcandles and footcandle-seconds 
respectively. Since the instantaneous illuminance varies 
during exposure to flashing lights, integration is necessary 
to determine the footcandle-seconds. As discussed in 
paragraph 2 of Chapter 1, the conputatioa of effective 
intensity requires a candela-second measurement. Candela-seconds 

Page 14 
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can be coqnrted from footcaudle s&muds by ultipLyLng 
by the diataucc (in feet) equared. Care wt be taium 
not to overload a photodetector by too uch light as it 
can saturate and its responsebecome noulinear. 

. . 

Integrating photometers are available which electronically perform 
the integration aud read out the total exposure fn microcouloubs. 
These photousters are used only ou short duratioa strobes where the 
entire flash is integrated. A microcoulo~ is a microampere-secoud, 
and a calibration factor isusedtocouvertamicrocoulomb reading 
to footcaadlc-seconds. Then, Pultiplya by the distance squared. . 
gives candela-seconds corresponding. to the uumerator of the equation 
for effective iateasity. 

Strip recorders OL' recording oscilloscopes are geuerally used for 
longer duration flashes, such as rotatiug.beacous, aud mechanical 
integration is then performed. 

/ :. 

SEC. 
STRIP BECOBDTblG O? FUSE 

figure 2.1 

Figure 2.1 ahawr an example of a recording made by a strip r&x&r. 
The paper ia moved horiaoutally at a liner rate so that each division 
rcpreeenta approximtrly .05 sCCODQ. The recorder 5m calibrated eo 
thateachvertical divisionrepresents can&be. After the flash io 
recorded, a mechaafcal iotegrator (plaaiaeter) is used to trace the 
recordingaudobtaia the area,in candela-seconds,betveen the limks of 
t2 and fl. This area divided by 0.2 + t2 - tl gives the effective 
inteneity . The values of t2 and tl are determined by experimautation, 
aud are selected to maximize the computed effective intwfty. In the 
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example of figure 2.1 the flash has an area between t2 and tl of 
approxtitely 51 candela-seconds. When divided byQ3 seconds (0.2 + 
0.1) the effective intensity is 170 candelas. The peak intensity 
of 850 candelas,therefore,has an effective intensity of only 170 
candelas. A method fdr selecting t2 and tl Ls given Ln Chapter 3. 

,/‘-. : 
j 

When measuring colored flashing lights, the photodetector cannot 
always be relied upon to give'accurate results, even with 
luminous-efficiency-correction filters. The alternative is tb measure 
the effective intensity with a clear cover, and then with a 
spectrophotomster, determine the relative luminous transmittances of 
the bra covm The effective intensity value measured through the clear 
cover is then reduced by this luminous transmittance factor. 
Spectrophotometers are discussed in paragraph 3., Color. 

3. COLOR. Color can be evaluated with a visual photometer by comparing 
Zsample against a filter of known color. In such comparisons, the same, 
correct color temperature should be used for both sources. However, 
there has been increasing interest in the use of photoelectric 
instruments for the measurement of chromaticity of colored lights. 
The following is a discussion of some of these instruments: 

a. Spectrophotometer. Spectrophotometers break up ;L self-contained 
light source into a spectrum by prisms or gratings, so that 
narrow bands within the visible spectrum can be individually 
applied to a test ware (such as a light cover). Although these 
are not single wavelengths, they are very narrow bands approximately 
five nanometers wide. Determfning either luminous transmittance CT), 
or chromaticity coordinates (x, y, and z) with a spectrophotometer 
involves the measurement of 40 transmittances (T), spaced 10 nanometers 
apart, throughout the visible'spectrum. Mathematically, these 
transmittances are used as follows: 

The values for f, y', and 5 are found in Table 1.2, and represent the 
relative amounts of primaries required at each wavelength. The .E 
in the equations represents the spectral distribution of the light 
source, and is published for certain illumfnants such as C.I.E. Source 
A. Tables are available which list the products ZE, 9, and ZE far 
certain illuminants (NBS Monograph 104). These numbers are sometimes 
found on a computation fbrm as shown in table 2.1. If the light Is. 
not a standard source, a table mrst be developed from measurements of 
the energy distribution. When each of the 40 lines have measured 
values for f logged, the remainder of the sheet can be filled out 
with data computed by hand, calculating machine, or computer. For 
example, assume a measured value for T at 380 nanometers of 0.078. - 
Then r'Er would be 0.078, ST would be 0.000, 4 ZET would be 0.468. 

Page 16 
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Guide for Computation of x, y, t, and T 
Observer: C.I.E. Standard 1931 

Sample 

~~Julus: Eqwrl Energy 
: Planck 2036 K 

(C.I.E. Standard A) 

Wave 
Length 
Nanometers T 32 jE 22 ilET GET IET 
380 0. 1 0 6 
390 0. 0 23 
400 0. 195 
410 0. 71 i 2: 
420 0. 262 8 1256 
430 0. 649 3167 
440 0. 926 f l 
450 0. 1031 117 iii3 
460 0. 1019 210 5851 
470 0. 776 362 5116 
480 

X: 
428 622 3636 

490 160 1039 2324 

5': 0": ::. 
1792 1509 
3080 969 

520 0. 425 4771 525 
530 0. 12l4 6322 309 
540 0. 2313 7600 162 
550 0, 3732 8568 75 
560 . 0. 5510 9222 36 
570 7571 9457 2l 
580 :: 9719 9228 8 
590 0. 11579 a540 r2 
600 0. 12704 7547 10 
610 0. 12669 6356 4 
620 0. 21373 5071 3 
630 0. 8980 3704 
640 0. 6538 2562 
690 0. 4336 1637 
660 0. 2628 972 
670 1448 530 
680 2 804 292 
690 0. 404 146 
700 0. 209 7s 
710 0. ll0 40 
720 0. s7 
730 0. 28 fi 
740 0. 14 6 
750 0. -6. 2 
760 0. 4 2 
770 0. 2 

SUS 109828 100000 35547 x- I- ZL 
X Y 2 

x-sz y-E t- x+y+z. 

Chap 2 
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b. 

C. 

Summing the colunm for &r would yield X which is the relative 
amount of red prfomy required for the match. Y and Z can be 
found,with the other two columns. Then, the chromaticity 
coordinates for representihg the sample on a chromaticicy 
diagram, or evaluation against regulatory requirements is fswlnd 
as follows: 

x= X Y’ y 2= 2 
x+y+z- x+y+z X+Y+Z 

The luminous transmittance T of the ware can be found from the 
same computationsheet as follows: The sum of the j7Er column 
(U) is divided by the sum of the FE column. This is possible 
because j; and V(X) values(lumiaous-efficiencies)are identical. 
For example, if the sum of the j%r column is 24407, dividing 
by 100,000 gives .24407 or 24.4%. The values given in this table 
have been adjusted so that the sum of the jiE column is a power 
of ten to simplify cemputations. This means that only 24.4Z of 
the'light incident on the ware is being transmitted through it. 
A more detailed explanation is given in the Appendix as 
"Tristimulus Calorimetry and Aviation Lights." 

Spectroradiometer. Spectroradiometers are similar to spectro- 
photometers, but can be used to measure the spectral distribution 
of external sources over a wider range of wavelengths than just 
the visible spectrum. 
Brightness Meters. When evaluating the color of ware with these 
instruments, a standard filter is used for comparison. The 
results are not chroataticity coordinates (x, y, and z), but are 
in or out of tolerance indications. Such procedures, due to 
filter limitations, are used only on highly saturated red glass 
(sharp cut-off). 

One method of determining whether a color meets a specific 
requiremeat, by using a brightness meter and a NBS filter, 
is given in MIL-L-25467C. The filter specified in this procedure 
has a yellow limit corresponding to instrument and panel lighting 
red (National Bureau of Standards Filter No. 3215). however, the 
procedure has been used with an aviation red filter (NBS Filter 
No. 3647A). The procedure is a Go/No-Go measuremeat with the NBS 
filter used as a measurement standard. A brightness reading is 
taken of a colored aviation light at IO ft. distance. A second 
reading is taken after a NBS filter is added in the light path. 
The ratio of these 2 readings must approximate a sf.mUar ratio 
obtained using a vhite light source in place of the colored 
aviation light. In the second case, a first read-g is made with 

Pi 
i. 
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one NBS filter and the second reading ie made with two NBS 
filters. In this way, the aviation light color is compared 
to the NBS filter color. The NO ratios must not differ 
over 3% (in the yellow direction) to qualify the test light 
color. 

7. 

d. Tristiuulus Calorimeters. If the response of three photocells 
could be adjusted by glass filters, so their responses follow 
the cumes of the C.I.E. Standard Observer,%, y', and 5 (see 
Figure 1.4), they could be made to yield direct measurements 
of tristiPulus values X, Y, and 2. Complete success of these 
calorimeters depends on the ability to duplicate the C.I.E. 
Standard Observer System. Acceptable instruments could 
simplify the measurements and reduce the required data 
processing. Presently, such instrument8 have more application 
to production line measuremants than for showing initial compliance. 

TEMPERATURE EFFECTS. All glass filtering elements have their color and 
transmittance affected in varying degree8 by increased temperature. The 
change ie more pronoun&d for red than for other colors. One manufacturer 
of glass has publirhed data such that different red glasses are identified 
by their percent transmittance at room temperature. For example, red 
glasses are identified as 12.6X, 25.3X, etc., at 78' F. For each number, 
the color and trammittance at any temperature up to 500° F is charted 
and plotted. Most red glase colors are reversible up to the softening 
temperature(over 8COOF). Reversibility means that after heatiug, when 
the temperature is returned to 78“ F, the original color will return. 
Glasses that have transmittances of 25% or more at 78' F have trans- 
mittance vs temperature curves which are essentially linear up to.300' F, 
and transmittances change approximately 0.5% for each 10' F change in 
temperature. 

In application of these filters, proper evaluation of their color 
characteristic at elevated temperatures requires knowing the fOlkJWiW: 

a. The initial glass temperature, color and transmission. 

b. The range of glass temperature8 found in operation. 

c. The type glaee used in the filter and its characteristics. Generally, 
an increase in red Slass temperature makes its color more red and 
decreases iutransaission. The amount of such changes is determlned 
by the temperature range of the glass in operation and the charac- 
teristics of the glass. 

Chap 2 
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CiiAPTER 3 

MEASUREWNT DATA 

8. GENERAL. Aircraft exterior lights,on which measurements are required, 
include position and anticollision lights. Measurements include 
intensity (coverage and overlap) and color. 

a. Position Lights. The aikorthiness requirements for aircraft 
position lights are given In FAR 23.1385 through 23.1397, 
FAR 25.1385 through 25.1397, FAR 27.1385 through 27.1397 and 
FAR 29.1385 through 29.1397. 

(1) Intensities. 

(a) Horizontal Coverage. Figure 3.1 shows the minimum Intensity 
requirements for the horizontal plane at 0" vertical. 
Overlap limits are not shown as they vary when intensities 
exceed 100 candelas: 

(b) VerticYal Coverage. Figure 3.2 shows the minimum intensities 
for any vertical plane. The value of "I" indicates the 
maximm required candelas for a given horizontal position. 

(2) Color. A graphical presentation of the chromaticity coordinate 
llmlte for aviation red (left), aviation green (right), and 
aviation white (rear),18 shown in figure 1.5. 

b. Anticollision Lights. The ainrorthlaess requirements for aircraft 
anticollision lights are given in FARs 23.1401, 25.1401,. 27.1401 
aad 29.1401. 

(1) Intensity 6 Coverage: Figure 3.3. 

(2) Color: Each anticollision light met be either aviation red or 
iGZZion white. 

9. POSITION LIGUT MTA. 

a. Intensity. Xeasuremeat of position light Intensity requires photometric 
equipment such as that described in Chapter 2,paragraph 2. Figure 3.4 
and 3.5 show typical recordings as'made in a photomtric laboratory. 
Ihe data should include enough diotribution lots 
substantiate coverage. The following data s K 

to ade uately 
ouId be.suf icient': f 

Forward Red and Green Position Lights. A horizontal distribution 
cum in the zero degree vertical plane from directly foward outboard 
through 110 degrees (flnure 3.4). Vertical distribution curves from 
90 degrees up to 90 degrees down at 0, 10, 20; and 110 degree 
horizontal points (figure 3.5). In addition to these distribution 

a-3 
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4 WJes; a ~lsual Lnspectlon through the cnllre nrcu ~lwuld he 
m&Je to determine whether or not there are any not icc4~~e 
Shild*Ws or areas where visual observation would lndlc;1tr 
IilWSt ionablc conFarm.xnr:e. 1 f any yut:h clues t iauxrh IL’ ;1Wi1s .41x’ 
Ilot 4, tctrther ~:ls~~rementS should be made in those arcas (~1 
demcrnst~ .rte sat isfacztory coverage. 

. ,r “‘, 

Three verlf *:a1 distribution g.urve.: irom 90 degrees up to 9:) 
,lzgrer?s down throtigh the fol Illwing hOriZOnt8l points: dirt+- t Ly 

-.15tcrh. 70 Iltij!,rees Left of di rdCt 1.1 to the rear, and In de::r.acs 
rtI;ht of directly tci the rear. Laboratory reports of such 
measurements should illso include 8t least the followiug: 

(1) A list of the test equipment and calibration dates for light 
standards which should show calibration against the lab 
working standard within the past 30 days, and the working 
standard against the lab primary standard within the last 
JHO dqys. The laborat?.ry primary standard should be traceable 
to tile National Bureau of Standards. 

(2) If a luminous-cificiency-correction filter is included, data 
adjustmnt for filter errors should be shown and substantiated. 

(31 Ii transmittance measurem+s arc used, the data ShWld show 
:lJ.justment for the comparison in transmittance between any 
clear f,ilter used during the intensity measurements and the 
transmittance of the colored filter. If 8 clear cover is 
used, it should have the identical shape a~ the colored cover. 
Transmittance data should be shown on a computation sheet 
such as shown in Table 2 .I . Also, if a spectrophotometer is 
used it should be substantiated that the sample tied in the 
measurements is representative of the actual light cover. 

(4) When red glass is used, the data should show the temperature 
i,f light covers d&ing measurements and data on the transmittance 
characteristics relative to temperature. Measured intensity values 
should be adjusted as follows: 

(a) For measure9rents tide with the red cover in place, adjust 
the intensity %&es to those corresponding to an ambient 
temperature of 1OO.F. If no 8CtU8l W8SUreIIEnt iS made 
with an ambient temperature of lOOoF, extrapolation should 
be supported by data. 

(b) When transmittance d8t8 is used, values should be adjusted 
to correspond to 8 glass temperature equivalent to that of 
the outside surface of the light cover. Glass temperature 
measurements should be m8de after the gl;lss has stabilized 
with an ambient temperature of at Least 1OO'P. Optionally, a 
temperature of 13O’F should be allowed in lieu of measured 
temperature. chap 3 
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(5) A description of the procedure used to obtain intensity and 
tr8WQtttanCe data, including the C8lCUl8tiO-. A diqgram of 
the test set-up is desirable. This description and diagranr 
should show: 

(8) Intensity measurements made from a distance Sufficient 
to give accurate results with the linear operating range 
of the photocell of prime consideration. The distance 
should always be at least 10 times the diameter of the 
light source and preferably greater. (See IES Lighting 
Handbook, 4th Edition, page 4-18) 

(b) Voltage measuremmts made as near the light source as 
possible, using a suitable meter when considering 
accuracy and loading. Current readings should aho 

be recorded and data supplied to show where the lamp 
falls with respect to the manufacturing tolerarice limits. 

b. Color. Position Eight color measurements require equipment such as 
described in Chapter 2, paragraph 3, Aviation green conformance 
should be shown with data in chromaticity-coordinate form (x, y, and 
2). AVi8tfOn red conformance should be shown by the same type data, 
or by the optional brightness meter and filter method. When 
spectrophotometric procedures are used, the data should include a 
computation sheet such as shown in Table 2.1. Laboratory reports 
which eccompany the data should include at least the following: 

(1) A list tf the test equipment with, when applicable, calibration 
dates. 

(2) When red gl8ss IS used,' the data should include the temperature 
of light covers during color-measurements, and data on the Color 
characterletics relative to temperature. Bed glass data should 
also include the following: 

(a) For measurements made with the red cover in place, 
substanttitlng data to show that the color will be 
withfn limits when the outside temperature of the 
glass Is 78’~. 

(b) If chrom8tlcity-coordlnate measurements are m8de, 
msaaured values should be adjusted to those 
corresponding to an outside cover glass temperature 
of 78OP. 

(3) A description of the procedure used to obtain the color data. 
A diagram of the test set-up Is desirable. 

Chap 3 
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3. ANTICOLLISION LIGHT DATA. 

29 July 1971 

a. Intensity. Measurements for “ef fect‘ive intensity” require techniques 
as described in Chapter 2, paragraph 2.b. (3). The light may be 
measured as a white light, and the intensity values adJusted according 
to the transmit tnnce of the red cover. Thc computation sheet used to 
determine the ch coma tici ty -coordinates contains the data for 
determining the luminous transmittance of the red cover. Lf a clear 
cover is used in the intensity measurements, the ratio of the 
transmittakes of the two covers Moe be used to correct the data. 

To show field al’ coverage, d c~~~bil~~ll.i~~Il O!- VertiCtll and horizonta! 
rneosuremenis is ;kxz:Dsary. I;igure 1.6 is ;I typical prssentatioh ~,i 
vertical et fectfvc intensity dist rilrution and is shown with the 
FAA minimum intensity requirements. Such curves are constructed 
from points representing separate el:fective intensity measurements. 

,To’ assure sufficient points to .l,:cur;ltely draw the vertical distribu- 
tion curve, measurem,znts are usually made at vertical angles of +30°, 
+20”; +lO’, 25” and 0. 
Figurei3. 6. 

‘l’bree of nine such points are shown in 
To obtain the values for the three points, individual 

intensity vs time curves are recorded and processed. The processing 
for long duration type lights can be done from a paper recording, 
using a planimeter for area measurements. Horizontar coverage must 
al& be subs tant i ated. As the curve of Figure 3.6 represents a 
single horizontal direction, there should be enough measurements 
to assure complere field of coverage. In other words, it should 
be substantiated that any variations in vertical patterns around 
the light will not result in an out of tolerance condition at any 
horizontal position. 

When using the Blondel-Rey equation, the maximum vaiue of 
effective intensity is obtained when t2 and t are chosen 
so that the effective fntensf ty is equal to f t e instantaneous 
intensity at t2 and tl. TO compute the highest possible 
effective intensity value for a given curve, estimates should 
be made until the proper values for t2 and tl have been l 

determined . When the instantaneous intensity at the t2 and 
tl points approximate the effective intensity value computed 
from the Bloadel-Rey equation, the maximum computed value has 
been found. Figures-3.7 and 3.8 have examples of data and 
include the mechanics for determining maximum computable 
intensity for points A, B, and C of Figure 3.6. The heat 
correction factors used in Figures 3.7 and 3.8 are used 
because the light cover is at a higher temperature in the . 
laboratory than 4n actual operation. For rotating beacon 
measurements, the motor is stopped and the light is concentrated 
on a particular area of the glass. As mentioned before, red 
glass decreases in transmittance with heat. 
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For short tim flashes such as those produced by flashtube 
units, an integrating type photaneter is generally used. 
There iastrupvats integrate the whole flash rather than 
between specific limits. If an integrating photometer is 
used, the manufacturers' calibration and operation procedures 
should be followed. For typical flashtube measure=nts, the 

va1ue Of 't f 
- t is negligible compared to 0.2 seconds. 

Computed e feet ve intensity for these lights is therefore 
maxiti when the entire flash is included. Effective Intensity 
for short time fluher can be fowid by the following relation: 

Footcandle-seconds (meter reading) x distance squared 3 0.2 seconds 

To improve the accuracy, several flashes are integrated and 
an average is taken. Figure 3.9 is an example of typical 
flashtube measurement data. Information furnished usually 
includes the charge voltage, flash capacity, electrical energy 
stored (watt-set), flash rate, and the plane of measurement. 
In the example, the 15.6 watt-seconds results from the equation: 

*. 
Energy l l/2 E2C = l/2 (420)2 (177X10-9 

The 15.6 watt-seconds of electrical energy is partially converted 
to light energy. If reflectors and gas conversion efficiency 
are comidered, the watt-second number can be used to 
estwte posrible candelae. The test distance is given so that 
the meter reading is convertible to candelas. The multiplier 
(125) in the example results frw D2/0.2. In the tabled data, 
therefore, the single flash footcandle-second reading times 
125 giver effective intensity. 

Laboratory reports of such measurements should include at least the 
following: 

(1) A list of test equipment and calibration dates as discussed in 
paragraph 2.a.(l). 

s 
(2) Luminous-efficiency-correction filter data as discussed in 

paragraph 2.a.(2). 

(3) Transmittance data as discussed in paragraph 2.a.(3). 

(4) Temperature corrections as discussed In paragraph 2.a.(4). If 
a heat correction factor is used, it should be substantiated 
by data. 

(5) Procedure lnfotmation as discussed in paragraph 2.a.(5). 
For anticollision lights, this information should also include 
the mathod used to determine “effective intensity." 

Chap 3 
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(6) For strobe 8ource8, the skcl.ral distribution data used la 
transmittance computations should be substantiated by data 
Showing spectroradiometer ~~surements, or publi+ht?d data 
which can be shovn to be app I i cable. 

h. Color. Thn. medr;uremrnl for c:olot’ nf an anticollis&m light 
red r-over is ~8~811~ mad*? with a q?ectrophotameter. In thf.s 
measurement, the ccxnputation :iheeL (Table 2.1) should contain 
values for spectral distrihuriou which are representative of 
the light source belug rr::erf. 
and & are avai table: frt~ many 

Pre-c:omputed values for ~ii. ~9. 
typ L’ soucc~‘:s and are idc?ulified 

by co1 or temperature . NBS Monograph 104 leas several -:.<~mples . 
The .a:oLnr temperature and the valut:s for El, EP, aud I:5 must 
be accurately known if the LXSll1h ar:e Lo be dependabfe. 

’ Labor;lt.ory report8 which accompany the data should Show dt 
least the following: 

(1) A. list of the test equipment with, when applicab Is, 
calibration dates. 

(2) Temperature data as diicuased in paragraph 2-b. (2). 

(3) Procedurr: information as discussed in paragraph 2.b. (3). 
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s s 3 3 I 
POSITION LIGBTS, MINIMUM INTENSITY IN THE HORIu)NTAL PLANE POSITION LIGBTS, MINIMUM INTENSITY IN THE HORIu)NTAL PLANE 

Figure 3.1 Figure 3.1 
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ABOVE 
HORIZONTAL 

BELOW 
HORIZONTAL 
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“ORIZONTAL *---w-w 
PLANE 

.POSITIoN LIGHTS, MINUMUM INTENSITIES IN VERTICAL PLANES 

Figure 3.2 

Chap 3 
Par 10 <.. : 



29 July 1971 AC 20-74 

Chap 3 
Par hD 

ANTICOLLISION LIGRTS, MINIMUM INTENSITY IN VERTICAL PLANE 

Figure 3.3 
Date of T. C. Applicstion: 2 
Prior to a/11/71 100 
On or after 8/11/71 400 
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TYPICAL HORlZONTAL INTENSITY DISTRIBUTION- POSITION LIGHT 
FIGURE 3.4 
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TYPICAL VERTICAL INTENSITY DISTRIBUTION - POSITION LIGHT 
FIGURE 3.5 
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29 July 1971 
ROTATING BEACON /? 

EFFKTlVE INTENSITY DISTRIBUTION 

28.0 VOLTS I. 67 AMPERES 

AVIATION RED LENS 

50 RPM 

i i 
‘$ :  

MINIMUM 
INTENSITY 
REQUIREMENTS 

-loo 00 +IP 

DEGREES VERTICAL 
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EXAMPLES OF TYPICAL TIME-INTENSITY CURVE> 
SHOWING EFFECTIVE INTENSITY CALCULATIONS 
SECONDS PER INCH = .0666 
CANDELAS PER INCH = 200 

1000 

.0739 SEC. ’ t2 
, 

THIS Q&/E TAKEN AT -5’ ELEVATIU 
1200 c 

(B) THIS CURVE TAKEN AT 00 ELEVATION (A) 
411200 c 

9REA BETWEEN LIMITS AREA BETWEEN LIMITS tl AND t2 = 2.90 SO. IN. 
t2 - t1 = I.109 IN. 

I 
2.90X 200 X .W66 I -= 141 loo0 = 173 
( 1.109 X ,0666)+.2 

I I 

(lhx x .06663+ .2 
I I I 

41 X 1.12 (HEAT CORRECTION 173 X I. 12 (HEAT 
:ACTOR) = 158 CANDELAS 

800 
CORRECTION FACTOR) = 
194 CANDELAS 

ESTIMATE LiNE IS CLOSE’ I II 1 173 FOR PRACTICAL 
ENOUGH TO 141 FOR 
PRACTlCAL CONSIDERA 

CONSIDERATIOtd 
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I I I 
EXAMPLE OF TYPICAL EFFECTlyE INTENSIT; CALCULATIPN 

BASED ON I, MAX. 

+ 

AREA IN SQ. IN. X SEC. PER IN. X CANDELAS 6ER IN. 

(t2 ‘t, IN INCHES X SECONDS PER IN.) + .2 

-t 

; SEC. iERi 

AREA BETWEEN LIMITS tp and ‘2” = 9.0 SO, IN. 
DISTATE FROM tla TO t2a 

t 

=7.04IN. 

9.00 5 l 0666x 2d =,,9 ,-A,,,,,- 
- (7.04 Ii .0666)+.2 

I 
2NO ESTIMATE tb) SEC. PER IN. = .0666 

I 
AREA BFEEN LlMl~S tlb ond tZp = 4.60 SQ. /N. 
DlSTANfE FROM t,b TO t2b = 2.165 IN. 

I 
r'17.8 CANDELA5 

(2.165 x .0666) +.2 

-8O- 
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TYPICALFLASHTUBRMRASURJZMRNT DATA SHEET 

Input Voltage - 14.0, Flash Capacitor 177 MFD 
Charge Voltage - 420 V., 15.6 Watt-Seconds 
Flash Rate - 1 per second. 
Vertical Angle - O" 

. 

Test Distance - 5.0 ft. 
BFI * Single flash reading x D2 x 5, (Multiplier = 125) 

Roritontal Distribution Data 

HOR. NO. OF FLASHES 
g& READING INTEGRATED 

0" 19.8 
loo 

. 10 
22.0 10 

2o" 22.0 10 
3o" 19.8 10 

s 20.4 17.1 10 10 
60' 13.7 10 
7o" 11.0 10 
80° 11.0 10 
900 11.5 10 

loo0 12.1 10 
1lOo 11.5 10 
120° 11.0 10 
130° 8.8 10 

AVG. READING 
FOR SINGLE FLASH 

1.98 248.0 
2.20 275.0 
2.20 275.0 
1.98 248:O 
2.04 255.0 
1.70 212.0 
1.37 171.0 
1.10 137.0 
1.10 137.0' 
1.15 1U.O 
1.20 1sc.o 
1.15 144.0 
1.10 137.0 

.88 110.0 . 

TYPICALFLASliTUBEMEASDRRtBNT 
DATASHEET' s 

Chap 3 
Par 10 
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APPENDIX 1 

AC 20-74 
Appendix 1 

GLOSSARY OF TERMS 

1. CANDELA - Unit of lnteasity. Produces one lumen per unit solid 
angle (steradian). At a distance of one foot, one candela 
produces an illuminance of one footcandle. 

2. CRROMATICITT - The color quality of light determined by its 
chromatlclty coordinates. 

3. coLoRIMETRY - A method for measuring colors and specifying them la 
numerical or definite symbolic terms. 

4. COLOR TEMPERATURE - The temperature at which a blackbody must be 
Operated to give the same color as the source, usually expressed 
la Kelvfns (K). 

5. DOMINANT WAVRLRNCTR - That wavelength of spectrum light which, 
when combined with neutral light in suitable proportions,matches 
the color. Neutral light is light for which the chromstlclty 
coordinates are x - .333 and y - .333. 

6. EWOSDRE - The product of the llluminance and the time during which 
the material is exposed to this illuminance,or E - it. The unit of 
measure is the footcandle-second, which represents an exposure of 
1 second to a source having a light Intensity of 1 candela at a 
distance of 1 foot. 

7. NUE - The attribute of color determined primarily by the wavelength 
ofllght entering the eye. 

8. ILLUMINANCR - The area1 density of luminous flux Incident on a 
surface, in lumens per unit area or footcandles. 

9. INTEWSITT - Flux per.unlt solid angle frori a point source measured 
in lumena per steradian or in candelas; often called candlepower. 

10. LIQiT - Radiant energy that produces visual sensations. 

11. LDMRN - Unit of lum+now (visible) flux. Luminous energy emltted 
persecond by a uniform poirrt source of one candela intensity through 
a solid angle of one steradlan. 

12. LllmNANcE - Luminous intensity of a surface in a given direction per 
unit of projected area of the surface as viewed from that direction; 
measured in candela0 per unit area. 

Par 1 
Page 1 
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13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

LUMINOUS FLUX - The time rate of flow of light, sonietimes called 
light power. . 

PHOTOMETER- An optical device that utilizes equations of brightness 
or flux to permit the measurement of a photometric quantity, such as 
intensity, illuminance or brightness. 

PHOTOMRTRY - The measurement of visible radiation on the basis of its 
effect upon the eye under standard conditions. Visual photometry 
involves the adjustment of NO parts of the visual field, in order to 
identify or to determine a minimal difference. Photoelectric photometry 
involves the measurement of the flux incident on a receiver from a test . 
and a standard source at known distances. 

SATURATION - The extent to which a chromatic color differs from grey 
of the same brightness, measured on an arbitrary scale from 0% to 100% 
(where grey is OX). Also called "purity". 

. 
SPECTROPRO~OMETER - An instrument designed to measure the‘spectral 
transmittance or reflectance of objects. Used primarily for comparing, 
at each wavelength, the flux leaving the object with the flux incident 
upon it. It usually has a built-in light source. 

SPECTRORADIOMETER - An instrument used to measure the spectral 
distribution of radiant energy. . 

SPECTRAL LUMINOUS EFFICIENCY V(X) - Quotient of the luminous flux at 
+ given wavelength by the radiant flux at that wavelength normalized 
by dividing by the maximum value of that quotient, formally called 
luminosity factor. 

ST-IAN - The unit solid angle. That solid angle originating at 
the center of a sphere which subtends an area on the surface of that 
sphere equal to the square of its sphere radius. A sphere contains 
4s steradians (see Figure 1.3). 

Page 2 Par 13 



QUANTITY SYMSOL DESCRIPTI0i-i UNIT EQlI\‘ALEW COS\ERSIOLS .m-- 
Zlux e Rata of Flow of Light lumen lwsens - iratts x 680 x V(Z) 

[ntensity I Point Source Light Power candela 1 luwn/stecadian :andelss - foatsendlra x 
dIstJncr! squared 

Luminance 

(brlgh tness) 

Llluminance 

L Concentration of Intensity footlambert 
(l/v) candalas/f t2 

from Surface source 

lamber t 2.054 candelss:in* 
. 

E Surface Received Light foctcandle 1 lumen:ftz fc.lt:andles - candclasdlotan~e 
Dens1 ty squared 

Navelength A Distance Traveled Ourlng meter Ratio of vetcclt~ :a a%!tar - 106 m~sromecers (+a) 
a Cycle frequency of radiation - lag nanometer5 (nm) 

- 1Ol3 angpcro.% tA*i 

Solid Angle w ‘MO Dimension Angles seeradian Total Solid AnRles/4n steradians - surface area! 
distance square: 

(Sphere) 

Pove r 

Luminous 
Efficiency 

w Electrical Energy Rote uoct joules I&c 

v(A) Eye Response to Varying y’ 
Wavelengths (Table 1.1) 
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TRISTWLILUS COLORIHETKY AND AVlATl~lN LICIITS 

AC 20-74 
Appendix 3 

Although the energy cl istribut ion ot a co lored Ii&t cllilv r*stend thr~ru@loot 
the visible spectrum, the CharacterisLics of vision lit-e such that ;I 
combination of three primary colors can match the light tt> the satisixtirrn 
of the eye. The apparent match of two colors of different spectral con.ttrnt 
is called "metamerism," and the two colors are called a "metameric pair." 
This method of matching or reproducing a color is the basis for tristimulus 
colorfmetry. The tristimulus method is tct measure the energy distribution 
and then to convert this information i.nc,) the tristimulus values which form 
a metameric match. Figure 1.4 of this t:ir\:uLar shows how to mix the. three 
CIE primary colors in order to match any r.lve length. 
distribution throughout the visible ~pe~‘tr~~, 

If we have energy 
we simply multiply the rrlakiva 

power amplitude at each wavelength bs 1 tic* c.urresponding tristimulus valued 
x, f. and ‘z for that uavalength. IIWII, by adding up all the measurements 
a total amount for each of the prim;iritis is found. 
X (red), Y (green), 

Mixing these amounts of 
and 2 (blue), WV accomplished a metameric match. Thus. 

* 

X = Z;;: EE AA 

where E is the power, and H is the proportion of red primary required for 
that wavelength; Y and i! are found similarly. 

In this way, we can determine the required amounts of primaries to match 
the color of a source or in the case of lights, the lamp. C. I.E. standard 
illuminant “A” (incandescent) has a published power distributiors as have 
several other sources, and tables of EZ, Ey, and EZ are available. If 
the source is non-standard, the E values must be measured, and by computation, 
the tables developed. The significance of this information is that the 
color of the light transmitted by the filter depends not only on the filter 
but also on the spectral distribution of the light incident on it. 

After tabled values for &, etc., are developed, they must be modified by 
the filter effect. Usually, this is done by measuring the filters' 
transmittances throughout the visible spectrum. 
labeled "T" 

This gives a new column 
. Then, to obtain the X, Y, and Z required to form a match of 

the overall system, we must combine the data. Combining the source and 
filter data we solve the equations: 

770 
. X = E380 EZ TAX etc. 

Mechanically this is done as follows: 

1. Measure the power distribution of the light source (E) in 10 
nanometer steps from 380 to 770 nanometers (40 measurements). 

I... 
::. 
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2. For each step, combine (by multiplication) 2, y, and z information 
kom tabled values to obtain Eii, IIF, and Ei (40 values). 

3. Measure the transmittance (r) of the filter at these same 40 
points. Combine these numbers with previously c‘omputed values 
to obtain 40 values tor E%T, ELI, E%. 

4. Add the 40 values for Ej7r to obtain X; the amount of red primary 
required for a match. Repeat for ET? and EZr to obtain Y and 2. 

5. compute x - X *Y’ , and z = Y 2 . This 
x+y+z x+y+z x+y+z 

gives the chromaticity coordinatr~ which will form a metameric 
match of the light color. 

The transmittance of a light fiL& is,by definition, the ratio of transmitted 
to incident light power. The transmittances (r.) measured at the 40 sample 
points do not consider eye response, nor the power distribution of the 
11 luminant . Therefore, when we evaluate a filter for overall transmittance,we 
Jrrst combine the following data: 

1. P(~er distribution of. source . . . . . . . . . E 

2. Eye response luminous-efficiency function . . . 7 [y’ was adjusted to 
correspond to V(a) ] 

3. Filter transmittance dlstrlbutlon . . . . . . . T 

These three variables were combined when developing Y as I::{ ET rAX. As 
this is also a measurement of visible transmitted light magnitude, dividing 
by the incident light will give the transmittance of the filter. The 
incident light is the same as the transmit ted ligh 

$78 
f we omit the filter 

transmittances. Therefore, 9;; incident light is T.sao v AA 
and the transmittance T - t 

3an 
Ey TAX . 

1770 
380 EY Aa 

Page 2 

_.,. : 



29 ;Tuly 1971 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

APYWDIX 4 
BIBLIOGRAPHY . . 

r:ision in Mlltary Aviation - IJAIK T~c'hnical Report 58-399, ASTIA 
Dexument No. AD 207780. 

Pguldamental:; c,f Light JIII.I Lightf,l,; - cirnertil Electric Comp.iny, Large 
I.itatp Department, Clevclnu~l, Ohfaa. 

r'cderal Stsndrlrd No. 1, with Auendmenl I. March 21. 1951. Superfntendenr 
of Documents. Washiagtoa, I). C. 20402. 

. 
Ml-C-2SOSOA(ASG) December 2, 1963 - Colors, Aeronautical Lights and 
Lighting Equipment, General Requirements For. 

Color and Transmission Properties of Sharp Cut-Gff Glass Filters iIt 
Elevated Temperatures - C. E. Laberknight and G. E. Stone, Kopp Glass, 
Inc., Swissvale, Pennsylvania, April 1955. 

Specification for Photometric Test Procedure, Specification CAA-110&l, 
June 10, 19S7, Departmeat of Cqmmsrce, Civil Aeronautics Administration, 
Office of the Air Navigation Facilities, Plant Engineering Division, 
Washington, D. C. 20402. 

A Short Course la Photometry, Leo Levi, Consulting Physicist, New Yo:k, 
Nc?w York, Electronics Products, February 1965. 

Collision Avoidance and Aircraft Lighting, Grimes Manufacturing Co., 
Urbana, Ohio, 1965. 

Measurement d the Effective Candlepower of Flashing Beacons - Charles 
A. Steinberger and Marshal F. Rowland, Grimes Manufacturing Co., 
Urbana, Ohio, 1965. 

Illuminating Eugineering Society Lfghting Handbook, Fourth Edition. 

Illuminating Engineering Society Guide for Calculating the Effective 
Intensity of Flashing Lights, Illumination Engineering, 59 747 (1964). - . 
Photometry of Colored Lights - A. C. Wall, Illuminating Engineering, 
1967. 

KCL-L-25467C Lighting, Integral, Aircraft Instrument, General Specification 
For, (Dec.1963). 

Colors of Signal Lights, NBS Monograph 75, (1967). Superintendent of 
Documents, Washington, D. C. 20402. 

U. S. Standard for Colors of Signal Lights, (1964). 

Page 1 

;. 



A~ 20-71) 
Appendix b 

29 July 1971 

Id. 

17. 

10. 

19. 

20. 

21. 

22. 

23. 

26. 

2s. 

1968 NRtR¶ Technical Publications. How to Measure Light - P.B. Lape 
and D. 0. Ryer, International Light, Iti., Newburyport, M888. 

Illumination Engineering - Werren B. Boaet, 1933. . . 
Calorimetry, NBS Monograph 104, 1968. Superintendent of Documents, 
Washington, D. C. 20402. 

Light and Color Measurasantr of Spar11 Light Sourcer, Borir Zierfc, 
General Electric Sppall Lamp Dfvirion, Nela Park, New York. 

The Meaammant of the Color of Light Pmritted by Signal Devices, 
by Stewart Sure and Paul H. Firher, Rohm and Raas Color Laboratory, 
Available as a reprint from "Color Eagfhc+ng," Reprint Dept., 
18 John Street, New York, New York 10038. 

me Application of a Color-Cdrrection Factor in the Photometry of 
Colored Signal Lfghtr by George K. C. H8rdeoty and T. 0. Tvfet, 
Naval Ship Research and Developmerit Laboratory, Ammpolfr, Blaryland 
(Technic81 Uote ELECUB 125/%8 of Mdy 1968) 

M8xfmum Lumlnour Efficiency Contolir Chart8 for Colored Materials by 
George K. C. Bnrderty, R. L. booker, and J. T. McI~ne, @&vql Ship 
Rarearch and Developsmt I&oratory, Antupolir, Maryland 21602 
(Technical Note, ELECUD 200/68 of October 1968). 

Photometry, W. T. Wslsb Constable, Third Hditfon, 1958. 

The Role of Exterior Lights in Hid-Air Collision Prevention, T.B. 
Projector, Applied P8ychology Corp., July 1962, ASTIA Document AD 602621. 

Computation of the Effective Intensity of Plarhfag Lighta, C. A. Dougla8, 
Illumination Engineering, Vol. 52, page 641, December 19S7. 

/-.; 
. ..s 1 

PaSe 2 
:  _.. 


